Objective: Increased serum human epidermal growth factor receptor 2 levels have been found in metastatic breast cancer patients and are correlated with human epidermal growth factor receptor 2 overexpression in tumor cells. However, the prevalence of serum human epidermal growth factor receptor 2 in gastric cancer patients has not been elucidated. Methods: We retrospectively analyzed formalin-fixed paraffin-embedded tumor tissues and serum samples from 96 advanced gastric cancer patients. Human epidermal growth factor receptor 2 expression and gene amplification in tumor cells were determined by immunohistochemistry and fluorescence in situ hybridization. Serum human epidermal growth factor receptor 2 levels were measured using a chemiluminescent immunoassay. Human epidermal growth factor receptor 2 positivity in tumor cells was defined as immunohistochemistry 2+ with fluorescence in situ hybridization positive or immunohistochemistry 3+ with any fluorescence in situ hybridization results. Results: All tissue samples and serum samples were successfully measured. Nineteen patients (20%) were human epidermal growth factor receptor 2-positive in tumor cells. The median serum human epidermal growth factor receptor 2 level was 9.3 ng/ml (range, 5.0-332.4 ng/ml), and serum human epidermal growth factor receptor 2 levels were significantly separated according to human epidermal growth factor receptor 2 status in tumor cells (P < 0.0001, Wilcoxon's rank sum test); median serum human epidermal growth factor receptor 2 levels in human epidermal growth factor receptor 2-negative patients and -positive patients were 8.9 (range, 5.0-20.5) and 24.0 (range, 9.7-332.4), respectively. There were 15 serum human epidermal growth factor receptor 2-positive patients (16%) using a cutoff value of 15 ng/ml. The sensitivity and the specificity of serum human epidermal growth factor receptor 2 with respect to human epidermal growth factor receptor 2 positivity in tumor cells were 53 and 94%, respectively. Conclusions: Serum human epidermal growth factor receptor 2 measurements cannot be substituted for tissue human epidermal growth factor receptor 2 diagnosis in advanced gastric cancer patients. However, serum human epidermal growth factor receptor 2 levels are associated with human epidermal growth factor receptor 2 overexpression in tumor cells. Further investigations of clinical significance of serum human epidermal growth factor receptor 2 as a predictive marker and a therapy-monitoring marker are warranted.
Introduction
The human epidermal growth factor receptor 2 (HER2) oncogene (also called HER2/neu or ErbB2) encodes a 185 kDa glycoprotein receptor that is a member of the epidermal growth factor receptor family. HER2 signaling promotes cell proliferation through the RAS-mitogen-activated protein kinase pathway and inhibits cell death through the phosphatidylinositol 3′-kinase-AKT-mammalian target of the rapamycin pathway (1) . HER2 consists of an extracellular binding domain, a transmembrane lipophilic segment and a functional intracellular tyrosine kinase domain (2) . The HER2 extracellular domain excreted in serum can be quantitatively measured using an enzyme-linked immunosorbent assay or chemiluminescence immunoassay (3, 4) .
HER2 overexpression ( protein overexpression and/or gene amplification) has been observed in various types of cancer (e.g. breast, colorectal, bladder, ovarian, endometrial, lung, uterine cervix, head and neck, esophageal and gastric cancer). The clinical significance of HER2 overexpression has been extensively investigated in breast cancer patients. HER2 overexpression is detected in 10-34% of invasive breast cancers, it is correlated with poor prognosis, and constitutes a predictive factor of poor response to chemotherapy and endocrine therapy (5) . HER2-targeted therapy, such as trastuzumab and lapatinib with standard treatment, is beneficial in HER2-positive breast cancer (6) . Elevated serum HER2 levels are detected in 9-23% of patients with early breast cancer and in 22-73% of those with metastatic breast cancer (7) . The concordance between serum HER2 levels and HER2 status in tumor cells (tissue HER2 status) has been investigated. Tse et al. (8) reported a high concordance between serum HER2 and tissue HER2 status; the sensitivity of serum HER2 for tissue HER2 status was 90%, and specificity was 77-83% at the cutoff level of 16 ng/ml. In contrast, other groups have reported that the sensitivity of serum HER2 for tissue HER2 status was 47-88% and specificity was 55-82% at the cutoff level of 15 ng/ml (9-13).
HER2 overexpression was observed in 22% of patients with advanced gastric and gastroesophageal junction cancer, and trastuzumab in combination with fluoropyrimidine plus cisplatin has shown significant improvement in survival and tumor response (14) . However, the prevalence of serum HER2 in gastric cancer patients is unknown, and the utility of measuring serum HER2 levels has not been determined. Therefore, we investigated the correlation between serum HER2 levels and tissue HER2 status, and the diagnostic role of serum HER2 in advanced/recurrent gastric cancer patients.
Patients and methods

Patients
To be eligible for this study, patients were required to have histologically confirmed advanced or recurrent stomach adenocarcinoma, to have started chemotherapy at the National Cancer Center Hospital East during July 2009 to February 2011, and to have serum and paraffin-embedded tumor tissue samples from the primary tumor site collected and stored before the start of first-line chemotherapy. Patients who had any other active malignancies were excluded. Among 155 advanced or recurrent gastric adenocarcinoma patients who started chemotherapy at the National Cancer Center Hospital East during the study period, 100 were eligible. The reasons for exclusion were no stored serum samples for 34 patients, no stored tissue samples for 16 and other active malignancies for five.
Tissue HER2 assay
We investigated tissue HER2 status using immunohistochemistry (IHC) and fluorescence in situ hybridization (FISH). Tissue samples from eligible patients were collected as biopsy samples by upper endoscopy or surgical specimens before chemotherapy started. If patients had both biopsy and surgical samples, the latter were preferentially tested. The tissue samples were fixed in 10% buffered formaldehyde and embedded in paraffin. All tissue samples were derived from the primary tumor.
IHC analysis was performed using I-VIEW Pathway HER2 4B5 kit (rabbit antihuman monoclonal antibody: Ventana Medical System Inc., Tucson, AZ, USA). The intensity of the membrane staining was evaluated according to the HER2 scoring system for gastric cancer as reported previously (14) . Briefly, surgical specimen staining patterns were scored as follows: score 0, no reactivity or membranous reactivity in <10% of cells; score 1+, faint/barely perceptible membranous reactivity in >10% of cells or cells reactive only in part of their membrane; score 2+, weak-to-moderate complete or basolateral membranous reactivity in >10% of tumor cells; and score 3+, moderateto-strong complete or basolateral membranous reactivity in >10% of tumor cells. For biopsy specimen staining patterns, they were considered positive if the staining reactivity of each score was identified, irrespective of the percentage of tumor cells stained. The IHC score was primarily diagnosed by a pathologist of SRL Inc. (Tokyo, Japan), and the results were confirmed by T.S. and T.K.
FISH analysis was performed using the PathVysion HER2 DNA Probe Kit (Vysis Inc., Downers Grove, IL, USA), according to the manufacturer's instructions. When the ratio of HER2 signal to chromosome 17 centromere signal was ≥2.0, the gene was considered as amplified (i.e. FISH positive).
IHC and FISH analyses were performed in SRL Inc. independently from the serum HER2 assay. Tissue HER2-positive status was defined as IHC 2+ with FISH positive or IHC 3+ with any FISH result.
Serum HER2 assay
Serum samples were provided by the National Cancer Center Biobank, Japan. Serum was collected and stored at −80°C. Serum samples were obtained just before surgery in patients who received palliative resection of the primary tumor, and after recurrence and just before starting chemotherapy in recurrent patients. Serum HER2 levels were measured using the ADIVA Centaur-HER2/neu test on the ADIVA Centaur XP fully automated analyzer (Siemens Healthcare Diagnostics Inc., Tokyo, Japan), as previously reported (15) . Serum HER2 analysis was performed by Siemens Healthcare Diagnostics Inc. independently from the tissue HER2 assay.
Statistical analysis
We assessed whether serum HER2 levels as a continuous variable stratified by the IHC score were homogeneous or whether they were correlated with FISH. One-way analysis of variance (ANOVA) was performed for the former possibility and the coefficient of determination calculated by a general linear model was evaluated for the latter possibility. We also evaluated the association between serum HER2 levels and tissue HER2 status using Wilcoxon's rank sum test. Differences in patient characteristics were tested by Fisher's exact test.
To evaluate the predictability of HER2 status in tissue samples as the gold standard using the serum HER2 test, we used several summary statistics, such as sensitivity and specificity. First, using the cutoff value, 15 ng/ml, which is most widely used in breast cancer (7, 9, 10, (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) , the evaluable 100 patients were stratified into serum HER2-positive (≥15 ng/ml) or -negative (<15 ng/ml) groups, as well as. Sensitivity and specificity were defined as the proportion of the true-positive (TP)/true-negative (TN) patients among tissue HER2-positive/negative patients. TP and TN were determined based on tissue HER2 status. In TP patients, serum HER2 values were ≥15 ng/ml and the tissue HER2 status was positive. In TN patients, serum HER2 values were <15 ng/ml and the tissue HER2 status was negative. Likewise, the positive predictive value (PPV) and negative predictive value (NPV) were calculated as the proportion of TP/TN patients among serum of positive/negative patients. Accuracy was determined as the proportion of non-misspecified patients out of the total patients. Second, a receiver operating characteristic (ROC) curve was estimated by plotting the sensitivity against 1 − specificity. The area under the ROC curve was calculated as the concordance probability. Statistical analyses were performed using either SAS 9. 
Ethical consideration
This study complied with Japanese ethical guidelines for epidemiological research and was approved by the Institutional Review Board of the National Cancer Center.
Results
The number of eligible patients is 100, including four recurrent gastric cancer patients. However, in the recurrent gastric cancer patients, the tumor tissue from the recurrent site could not be obtained, and available tumor tissues were only surgical specimens of the primary surgery. There was temporal divergence between tumor and serum sample collection. Therefore, we report analyses in 96 advanced gastric cancer patients, excluding four recurrent cancer patients (Table 1 ). All tissue samples were successfully evaluated by IHC and FISH, and the results are summarized in Table 2 . There were 19 tissue HER2-positive status patients, all of whom were IHC 3+. Serum HER2 from all samples was successfully measured. The median serum HER2 level in all eligible patients was 9.3 ng/ml (range, 5.0-332.4 ng/ml). Serum HER2 levels stratified by HER2 IHC score and tissue HER2 status are plotted in Fig. 1A and B. Although serum HER2 levels were not correlated with the ratio of HER2 signal to chromosome 17 centromere signal by FISH analysis (R 2 = 0.2651), they were significantly different among HER2 IHC scores (P < 0.0001, one-way ANOVA; Fig. 1A ), and separated according to tissue HER2 status (P < 0.0001, Wilcoxon's rank sum test ; Fig. 1B) ; median serum HER2 levels in tissue HER2-negative status patients and -positive status patients were 8.9 (range, 5.0-20.5) and 24.0 (range, 9.7-332.4), respectively. A total of 15 (16%) patients were serum HER2-positive using a cutoff level of 15 ng/ml. There was a significant difference in serum HER2 positivity depending on the presence of liver metastasis (11/ 37 with liver metastasis vs. 4/59 without liver metastasis, P = 0.004). The relationship between serum HER2 and HER2 status in tumor cells is summarized in Table 3 . The sensitivity, specificity, PPV, NPV and accuracy of serum HER2 were 53, 94, 67, 89 and 85%, respectively. There were five false-positive patients (i.e. although serum HER2 values were ≥15 ng/ml, the tissue HER2 status was negative) and nine false-negative patients (i.e. although serum HER2 values were <15 ng/ml, the tissue HER2 status was positive). There was no significant difference in patient characteristics between TP and false-negative patients. False-positive patients had liver metastasis more frequently than TN patients (4/5 vs. 23/72, P = 0.048). The area under the ROC curve was 0.892 (95% confidence interval, 0.824-0.960) (Fig. 2) . Elevated serum HER2 level using a cutoff level of 15 ng/ml was not a significant prognostic factor in terms of overall survival (data not shown). Based on our ROC analysis, a cutoff value between 10.0 and 15.0 ng/ml appeared to be reasonable, which corresponded to a sensitivity of 84 and 53%, and a specificity of 69 and 94%, respectively. However, regardless of the cutoff value used, use of serum HER2 as a surrogate marker for tissue HER2 diagnosis is difficult.
Discussion
Most of the advanced gastric cancer patients who receive chemotherapy do not require tumor resection and their tissue HER2 statuses are determined by biopsy samples. In our study, only 13 patients had their HER2 status determined by surgically resected tumors and 87 patients were determined by biopsy samples. Determination of HER2 status using a small biopsy sample may have the risk of a false-negative result because gastric cancer tissue has intratumoral heterogeneous HER2 expression (26) . In our previous investigation, the concordance probability for HER2 overexpression determined by IHC in surgically resected tumors and biopsy specimens was 89%, and 13 biopsy specimens from 46 patients in whom a surgically resected tumor was evaluated as HER2-positive by IHC were evaluated as negative, indicating a sensitivity of 72% (27) . The sensitivity of HER2 diagnosis with biopsy specimens is insufficient. Therefore, alternative, more sensitive methods of HER2 determination should be investigated. Serum is a homogeneous material, and serum HER2 levels can be easily and quickly measured by automated methods, and can be measured objectively and repeatedly. Collecting tumor samples is invasive and occasionally cannot be carried out. Serum samples can be collected in a less invasive manner, and serum HER2 levels can be measured in a less labor-intensive way, which might be a potential useful alternative to tissue HER2 measurement. We enrolled only advanced or recurrent gastric cancer patients who received chemotherapy. The aims of this study were to investigate the correlation between serum HER2 levels and tissue HER2 status, and to determine the diagnostic role of serum HER2. Diagnosis for HER2 status is essential when physicians determine whether anti-HER2 targeted therapy is indicated. The target patients of this study were advanced or recurrent gastric cancer patients who received chemotherapy. We did not include those who received curative surgery or best supportive care without chemotherapy because trastuzumab, which is the only commercially available anti-HER2 targeted agent for gastric cancer patients, is currently indicated for HER2-positive advanced or recurrent patients in combination with chemotherapy. We found that some HER2-positive gastric cancer patients had high serum HER2 levels. Serum HER2 with a cutoff level of 15 ng/ml was detected in HER2-positive advanced gastric cancer patients with a sensitivity of 53%, specificity of 94%, PPV of 67%, NPV of 89% and accuracy of 85%. In our study, serum HER2 sensitivity against HER2-positive gastric cancer was specific but not very sensitive. If HER2 positivity was determined only by serum HER2 levels, it would miss almost half of tissue HER2-positive status gastric cancer patients. Use of serum HER2 levels with a cutoff level of 15 ng/ml as a substitute for IHC and FISH analysis in tumor cells is not appropriate. A HER2 test with the combination of IHC and FISH are still regarded as the gold standard in determining HER2 positivity in gastric cancer patients.
In a previous study, the cutoff level for serum HER2 was derived from the mean + 2 SD, which was 14.78 ng/ml in a population of 241 healthy women, and 15 ng/ml was defined as the normal cutoff value (16) . This cutoff value was not determined based on clinical utility to distinguish HER2-positive status in gastric cancer patients. Serum HER2 has little impact in terms of a diagnostic marker as expected from breast cancer studies. However, serum HER2 levels are increased in some advanced gastric cancer patients and are associated with HER2 overexpression in tumor cells. Therefore, these results warrant investigations of the clinical utility of serum HER2 as a predictive marker and a therapy-monitoring marker in a large and independent gastric cancer patient cohort, as in breast cancer patients (4, 7, 9, 21, 24, 25, 28, 29) .
Our study has some limitations. First, there might be bias in patient selection. We selected patients whose serum and tissue samples had been stored in our institution. There were only four recurrent gastric cancer patients included in this study. We usually store serum samples before the first treatment. With regard to the patients with recurrent gastric cancer, their serum samples were collected before surgery, but rarely at the time of recurrence, and only four recurrent patients had stored serum samples which had been collected at the time of recurrence. Furthermore, there was temporal divergence between tumor and serum sample collection. Therefore, we report analyses in 96 advanced gastric cancer patients, excluding four recurrent cancer patients. Second, for the same reason, we did not collect serum samples during treatment. Therefore, we could not discuss the utility of serum HER2 levels as a surrogate marker for treatment efficacy and disease progression. Third, although serum HER2 levels did not appear to be a prognostic factor in terms of overall survival, this study included only 19 HER2-positive status patients and no patients received trastuzumab as a first-line treatment. The clinical utility of serum HER2 as a prognostic marker and a predictive marker for anti-HER2 targeted therapy in gastric cancer patients needs to be investigated in ongoing or future prospective clinical trials.
In conclusion, serum HER2 measurements cannot be substituted for tissue HER2 diagnosis. However, serum HER2 levels are increased in some advanced gastric cancer patients and are moderately associated with HER2 overexpression in tumor tissue. Further investigations of clinical significance of serum HER2 as a predictive marker and a therapy-monitoring marker are warranted.
